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kiber optic Neutron Imaging 6ySt Oml Calibration

Robert H. Malone, Charles E. GOW, and John P. Hannin9
EG&G, Inc., P. 0. Box 809, Los A.lames, Naw Mexico 07544

Douglas R. Thayer

Los Alamos Pational Laboratory, P-14, MS-41O
P. O. Box 1663, Los Alamos, New Mexico B7545

Abstract

Two neutron imaging ●xperiments uming fiber optics have been performed at the Nevada
Test Site. In each experiment, an array of scintillator fluor tubes is exposed to
neuLrons. Light is couplad out through radiation resistant PCS fibers (E-m long) into
high-bandwidth, graded index fibers. For image reconstruction to be accurate, common
timing differences and transmission variations between fiber optic channels are needed.
The calibration system featured a scanr,ing pulsed dye laSOr, a specially designed fiber
optic star coupler, a Tektronix 7912AD transient digitizer, and a DEC PDP 11/34 C0mputin9
system.

Introduction

A discussion of the first neutron imaging experiment has been presented in several
papers .’-i This paper describes the calibration system used on the secor,d
Space/~ime-Resolved Experiment (STREX). This ●xperiment involves neutron-imaging onto a
~lose-packea array o~tubes filled with a fluor material. Each tube corresponds to a
r~aolution ●lement in the image. A single optical fiber is aligned to ●ach fluor tube.
Radiation-resistant Plastic Clad Silica (PCS) fiber is used in the severe radiation
●nvironment cleae to the imager. A splice to a high-bandwidth Graded Index (GI) fiber is
made in a lCSS demanding radiation ●nvironment several meters ●way. The GI fiber transmits
the scintillator ●mission to a photomultiplier tube (pMT), through ●n oPtical :nterf@rence
filter. The PMT Signals ● re th!?n recorded on oscilloscopes. A special calibration oystem
provides ●ccurate inter-channel timing and measurea the ●mplltude variations of tho fiber
optic channelti. More details on the physical layout, preparation, ●nd installation of this
●xperiment 1s given in a separate paper.4 Internally generated reports on the first STREX
●xperiment provide more details on fiber handling, fiber optic cable conatructlon,
connector terminaciona, weld splices, calibration laser parameters, photomultiPlier tube
design, ●nd the computer software used to characterize such ● large fiber optic syatom.s,t

Calibration syatom

A ●chemetic overview of the ●ystem is shown in Fig. 1. The calibration liqht comes
from e Molectron nitrogen pumped dye leser system, operating ●t 30 PPS. The lasdr is
tti~qered In synchronation with ● clock dr!ving ● step motor used for wavelength scanning.
The laser’s 3.e-ns pulse 1s focueed through ● lens into ● Slecor qraded indtx fiber
(62.5-urn core dia.). The lens I)as ● .25 P,A. for proper coupling of the llqht. The ●mount
of power the fiber 1s capable of handling la limited to ●pproximately 1 kld by Rmman
frequency shlftlng.

At the othor ●nd Of the Siocor cable, the celebration llqht I- coupled into the input
leg of ● star coupler throuqh ●n ITT connector. ?iie 152 output le~e of th~ star coupler
● re ●poxiod Into e ●celnless ●cecl mesh, ●s shown in Fig. 2. The star coupler mask 1s
placed ● t the bottom of the Imaqer’s array of sclfitl!latlng fluor tubes. Tho Imaqer, ●s
shown in Fi9. 3, consists af ●rI ●rray of silica tubee immersed in ● bath of liquid
●clntillator. Previous papers 2’3 heve dlscussod the requirements of ● useful
redlatlon-to-liqht convortor In the sltuetlon whora tha ●mitted liqht aumt b. compatible
with fiber optic transmlsalon. T?IQ cellbratlon llqht pesses through tho ●ter coupler into
the Imeqer’s scintillator tUb.a ●nd 1s picked 11P by redlmr.ion resistant PCS flbors.
Individual ulsas from tho scanning d ● laaor will ~llminato ●ll tubes Slmultaneoualy.

7 YLight trans ts 30 ft of the low-bandw dth PCS fiber then passes through ●n ITT connector
●nd into e hi~h-bandwidth graJod Index Siecor fiber. At the output ●nd of the Slecor
flbor, llqht pesses throuqh an O.~-nm filter contored ●t 54C nm, then onto s Hamametsu R928
PMT.

Tho individual ●cintlllatlnq fluor tubes ●pproximate short, ●t~p index optical fibers.
Th@ Supresll since tube has ●n index of 1.46 ●nd the liquid fluor has an index of 1.5S.
Thie combination leada to light ~uidln~ with nrmerlcel ●perture of 9.34 under the volme
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on by neutrons. fiua the light from the fluor tubes overfills the ntmerical
of the PCS fibers, which overfills the numerical aperature of the high-bandwidth

ndex fibers.

In the calibration system, the numerical aperture of the fluor tubes is not filled.
The near-field pattern of light as it ●xits the tube shows definite modal structure. Tho
PCS fiber, with a 125-um diameter , will average out some of this modal structure. By
allowing a rough grind on the bottom mask containing the star coupler fibers, the lighL
entering into the fluor tubes will be lightly diffusing. If too much diffusing occurred,
cross talk of the light between fluor tubes would be a problem. Proper mode filling in the
calibration system is necessary to make accurate common timing meaaurementa on the fibers.

The calibration system in configured to measure the relative tranait timu of channel A
compared to channel B (the reference channel). Signals from two detectors are combined in
a matched T and displayed on a Tektronix 7912AD transient digitizer. Because ~f the large
amount of light in the calibration system, no signal averaging is needed (as was the caae
in the first STREX experiment). The laser is scanned from 53B to 545 nm because of
differences in the filter’s spectral bandpass. A stepping motor under remote control scans
the laser wavelength through the filter’s bandpass. A gate on the trigger detector allow&
every twelfth pulse to trigger the 7912AD. The 7912AD collects data from 64 pulses, ●ach
shifted by .24 nm in wavelength. The total wavelength scan of 15.36 nm takes 12.80 s tt,
complete.

The 7912AD is under program control with the analysis of pulse amplitudes, pulse time
differences, and computation done in the comput~r. The llrearity of the 7912AD time axis
is calibrated with a SOB-MHZ sine wave. The computer-averaged display of the pulses from
two channels is shown in Fig. 4. The 7912ATI requires that the two pulses have a peak ratio
between 0.1 and 1.1 for proper digitization. The time differerlces between the front slopes
of the two pulses at a number of different amplitudes (35-65t) were computed and averaged
to arrive at DELTA T. The two displayed pulses have FWHM of about 3.5 na. For hlghtst
time resolution, the 7912AD 1s run at 2 ns/dlvislon. The pulse separation will be ●djusted
from 8 to 12 ns by use of delay coax on the pMTa. If pulses are spaced closer than ●bout 8
ns, a time distortion occurs when the trace does not return to the baaelinw between pulses.
At le&st half of the back slope Of the second dieplayed pulse needs to be displayed for the
Fh’HM :alculat~on. From previous results on sTREX I, ●veraged over ●ll chnnnels and all
conditions, the time stability of the flber~, plus our measuring system, was :60 pa.
FWHM needs to be monitored during data collection. Variations in FwHM show variations in
myatem bandwidth, trigger instability into the 7912AD, or problems with the laser system.
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Software programs were developed to collect data on a large number of fibers in a short

amount of time. In one program, data are collected and computation is done in <100 s. In
the second program? data from channel pairs are collected and stored in c80 s. A third
program will call up all stored data, do the computations, and print out the results
without requiring a computer operator. Using the second program, analyzing 150 fiber
channels took 3.5 hrs, with the results printed later using the third program.

star coupler

A method of providing uniform illumination to the STREX imager is necessary fOr proper
amplitude calibration. In our previous STREX I experiment, the downhole laser fiber was
placed about 15 in. from the bottom of the imager and its light passed through a diffusing
plate before entering into the fluor tubes. This arrangement resulted in huge light losses
and a large variation of light levels exiting the different fluor tubes.

To improve on thic arrangement, a star coupler was constructed. This star coupler
split light fror :: input fiber into 210 output fibers. Light mixing inside the star
coupler occurs a close-packed bundle of fused biconical tapered fibers. Fibers were
Corning SDF ste}) index fibers with 100-um core, 140-um O.D., and 0.3 N.A. For star coupler
#47, the total transmission loss was 3.12 dB. For each autput fiber used, the average 10SS
was 26.09 dB with a standard deviation of :.53 dB. For the two worst case fibers, they
deviated by -.69 dB and 2.32 dB from this average loss.

The star coupler fibers were installed into a stainless steel mask, which was keyed
to the bottom of the imager (Fig. 2). Output fiber legs of the star coupler were cut to
l-m lengths, and the plastic jacket of each fiber end was removed by a solvent. Fibers
were epoxied into EG&G ferrules using Epotech 331 epoxy. Epoxy was oven cured at 8ffeC for
2 hrs then allowed to cool before the grinding operation. Each EG6G ferrule was rough
ground on 600 grit paper and inspected through a 200X microscope. Emerson and Cummings
1217 epoxy (non-oven curing) was used to secure ferrules into the mask holes and allowed to
cl]re for a few days. Silicone glue provided strain relief for fibers coming out of the
completed star coupler mask. The star coupler and its mask was then placed inside a
protective aluminum box and readied for testing by the calibration system.

Calibration results

The star coupler was ch,sracterized separately from the STREX experiment by using the
1/8 in. opal glass aandwichod between the star coupler mask and the top mask to the imager.
Opal glaas provided uniform illumination from the different fiber ltgs of the star coupler,
and simplified alignment. Using one fixed reference fiber, an intensity mapping of the
atar coupler was made. This \was furnished for bcth inputs #2 and +4 to the atar coupler.
Each input gave a slightly different intensity mapping across the star coupler mask plate.
However, ●ach mapping was consistent to $59 from run to run. All data taken were
normalized and a final average computed. FigurP 5 shows the intensity mapping of a star
coupler usin9 input +2. FiQure 6 shows the ralative arrival time of the calibration iight
pulses to the neutron image;.
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The imager provided light guiding of the calibration pulses.

top of the imager was not aniform.
Howevei, :>e light at

As a consequence, the amplitude c~libration of the
STREX experiment was performed with 1/8 in. opal glass replacing the imager. After
calibration was obtained for all fiber channels, the imager was eecu[ed in place. The
completed experiment was then monitored for changes only.

Figure 7 shows the relative amplitude of the fiber channels with the opal glass
replacing the imager in the system. The loweat amplitudes correspond to some of the

the

multiplexed channels. Excess-loss was due to the iiber optic cro>s coupLers and extra
Deutsch connectors usad. Figure 8 shows the final common timing differences of the fiber
optic channels. ~ese results are avera:es taken over many data runs.
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Conclusion

A successful neutron imaging ●xperiment was fielded at tha Nevada Test Site. The
accuracy of the common timing of the fiber optic channals was better then ?80
amplitude throughputs of the fiber channels were characterized to an ecc::~cy o

~se~. The
.7U.

Many improvements were made in tha computer softwere allowing ●ach fiber zhannel to be
completely characterized in lose than 2 minutes.

The star coupler performed very well, providing ~nouqh light to drive the
recording oscilloscopes. We w~re thus able to obtain an optical plus ●lectrical common
timin~ of s1l channels. On future ●xperimwnta, we would like to perform the optical plus
●lectrical amplituda calibration ●s wall. Other types of star couplers (i.@. 3x8 fibers)
have been characterized by our qroup and fielded successfully. Rasults on thoso stsr
couplet’e will be publithod later.
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